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Abstract
The Department of Family and Community Medicine (DFCM) at the University of New
Mexico is initiating phase III of a three-phase study examining the gastrointestinal health
effects in residents who use both a private well in an area with on-site wastewater
treatment and disposal system (septic tanks). These residents show an increased
exposure to detectable Cryptosporidium relative to a control (unexposed) population of
residents who use municipal water as their source of water. This exposure was found in
three different communities with significantly different hydrogeologic conditions. One
community was located in the inner valley of the Rio Grande where depth to ground
water averages less than 50 ft., while the other two communities were located in areas
where the average depth to groundwater is greater than 400 ft.
In the first phase of the study, 30% of the domestic wells exhibited contamination as
evidenced by detection of coliform bacterial coliforms. In the second phase of the study,
72% of the domestic wells exhibited evidence of year round or seasonal bacterial
contamination. On-site wastewater disposal systems are the suspected source of this
contamination. Coliform bacterial pathogens found during testing of tap water are unable
to survive for long outside of a host’s body, indicating that these samples have a
continual source of contaminants. Thus, it appears there is unexpected connection
between the wells and the waste or septic tank disposal systems. This paper describes a
tracer study that used a fluorescent dye (uranine), a chemical analysis of the well water,
and a mapping of the soil suitability for on-site wastewater treatment and disposal. These
steps were taken to determine if there is a link between coliform bacteria in domestic
wells and on-site wastewater treatment and a connection with septic waste disposal
systems.
Ten residences served by wells that tested positive for a microbial constituent in Phase II
of the study were enrolled in this study. Dye was administered through the toilets in
December and January. The tap water was tested weekly for a month and then once a
month until the first week of April. The samples were analyzed for the presence of dye by
UV fluorometry. One well’s analysis strongly suggested dye retrieval.
Chemical results indicate that reducing conditions were present in underlying ground
water, which may be due to on-site wastewater disposal systems. All ten wells had
measurable nitrate concentrations, which are above background levels. Two of these
wells had nitrite concentrations above the EPA Maximum Contaminant Level (MCL.).
Evidence from this study suggests that the Cryptosporidium infections identified
previously are thus linked to ground water contamination from septic tank effluent.
Mapping of the previous results has been completed and compared to soil maps to
ascertain if soil type makes any measurable change in prevalence of wells testing positive
for microbial constituents.
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Introduction
It is commonly assumed that groundwater is less vulnerable to contamination than
surface water because of the physical separation from sources of contamination by depth
and the filtering action and of soil. Many privately supplied wells do not use any
disinfection because the quality of the water is taken for granted. The soil system is also
expected to be able to handle the conventional usage of septic tanks. In the Albuquerque
area, the drinking water is thought to be of high quality by those who drink the water. In
the United States, half of all waterborne outbreaks have been traced to the drinking of
untreated or undertreated groundwater (Macler and Merkle, 2000).
While there is much familiarity with some ground water problems such as the
Kirtland air force base jet fuel spill, old dry cleaners and abandoned gas stations these
sites pose little direct threat to the drinking water supply. However, the most significant
threat to drinking water quality in the Albuquerque area is believed to be that from onsite
wastewater systems (Thomson, 2000). This is a threat that has major-potential public
health implications for the population.
Review of waterborne diseases suggest that acute gastrointestinal illness is the most
commonly detected disease accounting for 35% of outbreaks in community systems and
75% of outbreaks in non-community systems. These findings may result from the relative
ease of detecting acute gastrointestinal illnesses. Typically, no causative agent is
identified in waterborne outbreaks. When a disease agent was identified in an outbreak

Running head: EVIDENCE OF DIRECT CONTAMINATION FROM
WASTEWATER

10

investigation, Shigella, hepatitis A virus, Norwalk virus, Giardia lamblia, Campylobacter
jejuni, and Cryptosporidium parvum were most commonly implicated (Frost et al., 1996).
A common perception by most residents served by domestic wells and on-site
wastewater systems is that their water is safe. Many of the participants in this study
stated that they had been drinking the same well water for thirty years and “had never
been sick.” It is a commonly held belief that well water is better tasting and better for you
than city water. They wanted to know why time was being wasted on this study.
Frost (1996) states that there is considerable difficulty in determining the elevated
risk of infection when a part of the population is long-term residents who have developed
protective immunity to a continuing exposure of an infectious agent. In many cases,
long-term residents are likely to be infected, but not ill. This does not mean that the
consumption of that water is then risk free, especially for new residents.
The story in the Albuquerque area is not an isolated incident. Septic tanks are the
largest contributor of wastewater to the subsurface (Yates, 1985a). Onsite wastewater
treatment systems threaten the quality of groundwater throughout the United States
(Macler and Merkle, 2000). In the United States, around 12 percent of homes use a
private well (a well supplying less than five housing units), and 21percent of homes in the
United States use onsite wastewater treatment systems (USDOH and WD, 2006). Septic
tanks are a very popular choice for wastewater treatment and disposal in areas that do not
have sufficient housing density to justify a centralized sewer system. Many of these
residents, then, have both a septic tank and a domestic well.
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Septic tanks only provide primary treatment of wastewater. They are designed to
quickly remove wastewater from the residence, separate out the floating scum and
settleable solids from the water and then transfer the wastewater to the subsurface
(Tchobanoglous, Burton, Stensel, & Eddy, 2003). The soil of the leach field provides
further treatment by filtering solids and providing contact with soil microorganisms
which degrade soluble constituents. This time in the subsurface also allows for other
microbes in the area to destroy some of the pathogens (Stevik, Kari Aa, Ausland, &
Hanssen, 2004). Further chemical and physical removal of the suspended and dissolved
solids can occur. In areas that have a moderate to high septic tank density, the septic tank
leachate may be present at sufficiently high amounts that it overwhelms natural
remediation processes resulting in contamination of underlying ground water (USEPA,
1977). There is also not enough area between sites to allow for dilution and/or
decomposition of chemicals and nutrients (Thomson et al., 2000). Because of this, the
USEPA in 1977 designated areas with more than 40 septic tanks per square mile to be a
region of potential contamination problems. This is the equivalent of one septic tank
every sixteen acres.
Exacerbating the problem is the fact that many homeowners do not understand how
their systems are designed to work, how the hydrologic system functions in their area,
what maintenance needs to be done on their systems, or the expected lifetime of a septic
tank. Septic tanks are only expected to have an average lifetime of twenty-five years,
even if they are well maintained. Even if a traditional septic tank-absorption field system
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is functioning perfectly, it is, nevertheless, discharging poorly treated wastewater to the
soil (Schroeder, March, 2012).
In 2004, a group from the Department of Family and Community Medicine with
the Public Health Program began a study to determine if there are health effects from
onsite wastewater contamination. In an initial phase of a multi-phase study, done by
investigators Tollestrup and Frost et al., residents of the Rio Grande River valley that are
served by privately owned wells and on-site wastewater systems were found to have a
significantly elevated odds ratio of having an elevated serological response. The
residents from other areas of the study had elevated odds ratios of having an elevated
serological response to Cryptosporidium. The residents who had the stronger serological
responses to Cryptosporidium also were more likely to have evidence of water
contamination from samples drawn from their wells during a subsequent phase of the
study.
Statement of Importance
Almost half of all waterborne disease outbreaks have been traced to consumption of
untreated groundwater (Yates, 1985a). Although the EPA’s Groundwater Protection
Rule addresses the risks of pathogen transmission in public water systems that use
groundwater, it does not address the pathogen transmission risks from private wells nor
does it address the continuing deterioration of groundwater quality from on-site systems.
In addition, improperly designed or constructed wells can allow subsurface
contaminated water to enter into and contaminate the water well. Some geological
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formations allow rapid spread of surface-derived pathogens from onsite sewage disposal
systems.
The availability of improved transportation, the high cost of land in urban areas and
the availability of high-speed communications in rural areas increases the pressure on
rural and semi-urban areas to absorb more housing. Because of greater distances between
houses, the costs of installing and operating a wastewater collection and treatment system,
rural communities often rely on less expensive on-site sewage disposal systems. In many
cases, the homes will also be served by individual wells drilled on the same building lot
as the sewage system. In the United States, approximately 11 million persons use on-site
systems for water treatment and disposal (USEPA, 2001). The Safe Drinking Water Act
does not regulate these systems. State or local regulations for separating wells from
sources of contamination may specify setback distances (50 to 100 feet) between the well
and sewage system. Most states also have regulations that correlate the type and size of
OWTS to the local hydrogeologic conditions including depth to ground water, soil
characteristics, lot size, and underlying water quality characteristics. These regulations
can be inadequate in areas if soils permit the rapid movement of pathogens from the
onsite sewage systems to underlying ground water. In many cases, less than 0.5 acres is
considered to be an adequate lot size for both a well and a septic system. In NM
regulations do not permit use of on-site systems on lots smaller than 0.75 acres, and
larger lot sizes may be required in areas with unsuitable hydrogeology or soil conditions
As reviewed by Macler and Merkle in 2000, there are more than 100 viral, several
bacterial, and a few protozoan pathogens that may contaminate groundwater. Most, but
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not all, of these pathogens are of fecal origin and can be transmitted to groundwater by
wastewater disposal. The most recognized illness is acute gastrointestinal illness (AGI)
with symptoms of fever, nausea, diarrhea, and or vomiting. Most of the cases of AGI
resolve without major health costs and consequences. This is not always the case for
more sensitive members of the population or illnesses from parasites. More sensitive
individuals include infants, particularly, those born prematurely, the elderly, pregnant
women, and persons who are immunosuppressed or immune-compromised. These
waterborne pathogens can also cause other illnesses with more dramatic outcomes, such
as myocarditis, pericarditis, aseptic meningitis, insulin-dependent diabetes, jaundice, liver
damage, and death.
Of further concern, but not covered in this study, is that if particles such as viruses
and oocysts can be transported into the underlying aquifer, then chemicals, also disposed
in the septic tank could be transported. Some of these are known to be toxic and others
are carcinogenic. Testing for all regulated drinking water inorganic and organic
contaminants is very costly so these analyses are seldom performed on domestic well
samples.
Objectives
Although residents and decision makers have been informed about potential
contamination of ground water by on-site wastewater systems, establishing new
regulations to protect the resource is difficult because of the high costs of advanced
treatment systems and the lack of public awareness of the problems from conventional
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systems. The objective of this study was to determine if evidence could be obtained of
direct and rapid contamination of underlying ground water through use of a conservative
dye tracer. This was done in communities with different hydrogeologic conditions where
previous studies demonstrated contamination of water from private wells and where
residents had been shown to be exposed/infected by organisms from domestic wastewater.
This study examines, in two parts, the hypothesis that the microbial contamination of
groundwater is from on-site waste water systems. The first section of the study was
performed to determine the hydraulic connectivity between water discharged from the
wastewater system and well water from the resident’s tap by using chemical analysis and
a tracer test of a small subset of participants from previous studies. Uranine, (a
fluorescing dye which is not likely to exist at this concentration in this system) will be
added to the system, and then the tap water will be tested to determine the connectivity
between the OWTS and the well water. Chemistry samples will also be taken at each site.
The second section of the study is an analysis of the previous phases of the study
comparing geologic data using Arc GIS tools.

Section 1: Tracer Study and Chemical Analysis of a Subset of Domestic Wells
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Objectives
The objective of this section of the study is to determine whether there is
measureable hydraulic connectivity between on-site wastewater treatment systems and
well water for Albuquerque area homes that have shown previous evidence of fecal
contamination of well water. This evidence is defined as a positive serological assay for
Cryptosporidium from a previous phase of this study and a positive microbial test in
water samples from the domestic well. Hydraulic connectivity was measured using a dye
tracer and analyzing the chemical signature of the domestic well samples. Samples were
collected and tested for iron, manganese, nitrates, sulfides and salinity. The Earth and
Planetary Sciences Analytical Chemistry Lab managed by Senior Research Chemist Ali
Abdul Mehdi performed the lab analysis.
Literature Review
Similar Studies
In the Plum Bottom Depression in Door County, Wisconsin, an investigation was
initiated because of an outbreak of viral enteric illness involving 250 individuals
following the opening of a new restaurant (Borchardt et al, 2011). The Log Den
Restaurant had a professionally installed septic system that had passed all inspections.
The study tested the wells from the Log Den Restaurant and four down-gradient private
wells all completed in a dolomite aquifer. The dye tracer study involved introducing
eosin (4kg) through a toilet and uranine (2 kg) through a dosing chamber at the end of the
septic system. The dye from the toilet was detected within six days and continued to be
detected at the down-gradient domestic wells for months (Alexander, 2008).
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The study in Door County Wisconsin was completed in an area with a dolomite
aquifer, which is quite different from the Santa Fe Group aquifer encountered in the
Albuquerque area. If indicator organisms that are mostly inactivated within 50 days from
being found in well water samples, then the dye should have adequate time for
breakthrough.
In 1999, Frost et al. completed a study comparing the serological responses to two
Cryptosporidium antigen groups (15/17 – kDa and 27-kDa). Participants were blood
donors and college students who differed by water source, surface water vs. groundwater
derived sources.
The surface water users had a higher relative prevalence of a serological response
to both antigen groups (72.3 vs. 52.4%, RP=1.36, P<0.001 for 15/17-kDa antigen groups)
(82.6 vs. 72.5%, RP=1.14 P<0.02 for 27-kDa antigen group).
Using a multivariate logistic regression analysis, the investigators found that
people who had a shorter duration of residence or who drank bottled water had a lower
seropositivity for each marker. Of interest and in contrast to the users of municipally
supplied groundwater, the residents who drank water from private wells were associated
with a higher prevalence or response to the 15/17-kDa marker.
Geologic and Hydrologic Summary of the Area of Interest
This study took place near Albuquerque, New Mexico. The area of interest to this
study involves portions of Bernalillo and Sandoval counties. Previous phases also
included portions of Torrance and Santa Fe counties (Jackson, 2009). The north to south
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flowing Rio Grande River divides the city of Albuquerque. The river valley is
shouldered by the Sandia Mountain range on the east and a ridge of mesas on the west.
The river valley follows a geologic rift that has been filling with sediment for millennia
(Hawley, 1986) (Bartolino and Cole, 2002). This alluvial fill is now what houses the
aquifer that supplies 70% of the municipal water supply for the city and 100% of the
water supply for the participants of this phase of the study (SSP&A, 2004).

Figure 1: East-west geologic section through Calabacillas subbasin illustrating general relation of faults
and sedimentary units. (Bartolino and Cole, 2005)

As the river has varied its course throughout history, it has laid down alternating
layers of clay and sand/gravel. The clay layers act as incomplete aquitards. The Santa Fe
Group aquifer is unconfined, but acts as semi-confined/confined at great depths
(Bartolino and Cole, 2002). As the half-graben rift of the Rio Grande valley has
continued to widen it has caused more geologic fractures to occur. These geologic
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fractures bound the river, running parallel with it (see Figure 1). These fractures
act as barriers to flow (Hawley, 2012). This feature, along with the layers of differing
grain size make this area highly anisotropic, meaning that water is more likely to flow
horizontally that vertically as an overall flow regime for the area. Although, regionally
most water flows horizontally, there are some areas where the local flow regime allows
for vertical mixing, such as in the valley bed area in the southern part of Sandoval County
(McQuillan, 2005).
Figure 2: Generalized diagram of the Middle Rio Grande Basin showing basin-fill deposits and groundwater
components (Thiros et al., 2010)
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The composition of groundwater in the Middle Rio Grande Basin is generally
similar to that in the river, which is its principal source of groundwater recharge. This is
due to the fact that sediments in the Santa Fe Group aquifer are unreactive (Plummer et
al., 2004). Geogenic nitrate levels in arid/semiarid areas can be as high as 5 mg/l
(USEPA, 2010). In the Rio Grande area, the concentration of nitrate is generally below
0.5 mg/l. Plummer et al. reported in 2004 a median value of 0.3 mg/l for nitrate
concentration in the area. Thomson et al. in 2000 stated that any detectable reduced iron
or manganese could be an indicator of that water being influenced by the reducing
atmosphere of a septic tank.
Review of Persistence, Fate, and Transport of Pathogens in Groundwater
Many factors work together to affect the transmission of waterborne pathogens to
humans. Infectivity is one of these factors. Infectivity is defined as the ability of a
pathogen to become established on or within a host (WHO, 2006). One of the most
important factors in determining the probability of human infection, where groundwater
is the vehicle of transmission, is residence time. To manage subsurface waters prudently
it is helpful to know, what the necessary residence time is for pathogens in groundwater
to be inactivated below the infectious dose. For testable indicator microorganisms, the
USEPA MCL is set at zero (USEPA, 2000). The residence time that leads to attenuation
below this dose is going to vary greatly based on both biotic and abiotic factors that vary
from site to site. A part of this calculation is the initial septic tank effluent (STE)
concentration of a particular organism.
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Table 1: Selected Pathogens Found in STE and their Infectious Dose (Mcray et al., 2009)

Microorganisms can enter the aquifer through various mechanisms and sources
including: percolation from surface water, sinkholes, septic systems, leaky sewer lines, or
direct injection of wastewater effluent or surface water through a well. Leaky sewer lines
are an issue particularly in areas where sewer lines are completed in the vadose zone as
opposed to the saturated zone (USEPA, 2003a). Transportation of microorganisms occurs
via advection, dispersion, and diffusion.
Attenuation of pathogens in the subsurface is brought about by filtration,
adsorbance, and predation. Abiotic and biotic factors interact in a complicated fashion
determining these three processes. The abiotic factors that affect the inactivation rate of
pathogens are temperature, pH, dissolved oxygen content, soil moisture, organic content
of water, ionic strength, substrate grain size, flow velocity, and heterogeneity of the
aquifer substrate. Biotic factors that affect these processes are presence of native
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groundwater microorganisms, and the size and position of isoelectric points on
viral particles. (Reviewed by John and Rose, 2005)(WHO, 2006)
Filtration is the physical mechanism that is responsible for the largest portion of
protection of the underlying groundwater. This process works by the larger particles
inability to travel through small pore spaces. The factors that effect filtration are pore
space, size of the substrate, the size of the pathogen particle, wetting, and flow velocity.
An area that is already wetted and then has an event that allows high velocity water to
flow through will cause the filtration process to be less effective at attenuating the
pathogenic material. The longer the column of soil and the smaller the pore spaces are,
that the wastewater filters through, the better attenuation of pathogens (Reviewed by John
and Rose, 2005).
During unsaturated conditions, flow is preferential through the smaller pore
spaces making the filtration process more successful during lower flow periods. When an
area has saturated flow, the transport of the wastewater takes place in pores of all sizes
and then the filtration is not as effective (Stevik et al., 2004). In times of high velocity
flow, the filtration does not take place and previously filtered microorganisms may be
loosened. It has been noted that the oocysts and viruses that have been strained have a
longer inactivation time. This can lead to an increase in microorganisms being
transported after high flow events (WHO, 2006).
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Figure 3: Comparison of Pore and Particle Diameter (ARGOSS, 2001)

Within the pH range of most unpolluted groundwater, both the substrate surfaces
and the surfaces of the microorganisms carry a net negative charge. Thus, the
microorganisms are repelled by most mineral surfaces. Adsorption is unexpected when
the groundwater pH is between 6.5 and 8.5 making it unlikely to occur in most cases in
this study. At pH below the isoelectric potential, a virus will have a positive charge
whereas the charge will be negative at a pH value above the isoelectric potential. Also,
although most bacterial surfaces have a negative charge, some have a positively charged
appendage, which helps to adsorb to the negatively charged minerals (Reviewed by
Stevik, 2004).
Adsorbance occurs when the pathogenic particles come into contact with the
positively charged portions at the end of clay crystalline structures. Organic matter can
attach to this portion of the crystal lattice as well. The effect that organic content has on
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the adsorption of microorganisms is difficult to predict. This natural organic
matter can increase the amount of microorganisms that are adsorbed by increasing the
cation exchange capacity, surface area and number of adsorption sites. However, the
natural organic matter can also decrease the amount of microorganisms that get adsorbed
by competing for adsorptive sites. They can also convey its negative charge to the
material it coats, thus increasing the repulsion of the microorganisms (Reviewed by
Stevik, 2004).
Bacteria are subject to predation by other bacteria, phages and predatorial
protozoa. The protozoa are the number one threat to the nonindigenous bacteria. The
presence of organic matter can increase the survival time of allocthonous pathogenic
microorganisms, making the septic tank leachate area an ideal location for pathogen
survival. The presence of the nutrients provides an alternative source of energy for the
predators. If the nutrients are not in excess to the needs of the subsurface population,
then the other microorganisms present will compete for these resources causing a decline
in subsurface population of enteric microorganisms. The bacteria in a biological
treatment system are subject not only to the other bacteria, phages, protozoa and
nematodes, but also to any inhibitory substances that they may secrete (Reviewed by
Stevik et al., 2004).
Indicator organisms are used to test for well contamination because when they are
found, they indicate that other bacterial pathogens may be present. Indicator organisms
are always found in fecal material, whereas viruses and parasites are only found in the
fecal material of infected individuals. These specific indicator organisms are chosen
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because there are standard method tests that reliable for these organisms. They
have a slower inactivation rate than most bacteria that may be present in human feces.
One major drawback is that they do not survive as long or longer than their viral and/or
protozoan counterparts. Also, due to their hardiness and small size, viruses can travel
much larger distances while remaining active (Reviewed in Borchardt et al., 2003a).
Much study has been done on the transport of viruses through the vadose and saturated
zones of the subsurface.
When is water that has traveled through the soil safe from pathogenic activity? Of
the studies reviewed John and Rose, only Bitton from 1983 evaluated in situ decline of
indicator organisms. The inactivation rates of total coliform, fecal coliform, and
enterococci were approximately 0.02 – 0.03 log10 day-1 that is the equivalent of a T90
inactivation time of 30 – 50 days. This is confused by the ability of some pathogenic
bacteria to become dormant in the environment. Some of these bacteria are considered to
be viable but not culturable. These can be present, but would give a false negative for a
culture for these microorganisms. Concerning E.coli O157:H7 specifically, the dormant
state prolongs the pathogen’s survival without altering its pathogenicity. There are some
other pathogenic bacteria that can survive for an extended period (months) by producing
spores (Schijven et al., 2003). Of the enteric viruses discussed by Sobsey et al., Hepatitis
A is the virus that is the most resistant to inactivation in the soil, being able to survive for
several months in some situations (Sobsey et al, 1986). No one knows how long
Cryptosporidium oocysts can survive under normal groundwater conditions. It is thought
that they can survive for up to a year under most groundwater conditions (WHO, 2006).
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Cases of Wells Contaminated with Pathogens
It has been widely accepted that groundwater is generally a clean source of water that
if free of pathogens. It is also a commonly held belief that as long as septic tanks are
built to code that they are not a threat to the underlying groundwater supply. A wide body
of work has shown that this is not the case (USEPA, 1977, Canter, 1984 and WHO, 2006).
Thus the code in many areas has been updated and improved to protect public and private
water supplies.
Septic systems contribute 800 billion gallons of effluent to the subsurface in the
United States every year. Sometimes, due to inappropriate design, construction, siting,
operation or maintenance, OWTS can contaminate the groundwater (Yates, 2006). In
1974 approximately 1,200 cases of AGI occurred in Dade County Florida. The specific
organisms that caused the illness were never determined, but a dye study was completed
and a septic system that was 125 feet away from the public water well was determined to
be the source of the contamination (Weissman et al., 1976).
Cryptosporidium is not supposed to be found in true groundwaters due to their
relatively large size making them more subject to natural filtration (Hancock et al., 1998).
In 1998 Hancock et al. tested 199 groundwater sites across the country for
Cryptosporidium and Giardia. These protozoa were found in 12% of the tested sites.
The majority of sites that tested positive for Cryptosporidium springs, infiltration
galleries and horizontal wells, but 5% of the positively tested samples were drawn from
vertical wells. The results found in Hancock’s study were consistent with previous
studies done by Hibler and Rose et al. (Reviewed in Macler and Merkle 2000).
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From 1989 until 1990 the Montana Extension Service sampled about 1,300
domestic wells. Their sampling included testing for coliforms. Nearly 40% of all of their
samples tested positive for coliforms. The possible sources that they listed for the
coliform contamination included (1) faulty well construction or contamination at the time
of construction (2) well casing entry from non-point run off such as from agricultural or
animal feed lot land usage (3) a result of faulty septic tank sighting in relationship to the
well drawdown zone (4) improper handling of the samples (Bauder et al., 1991).
Tracer Studies
Choice of Dye
Fluorescent dyes can be used as subsurface tracers. They are appropriate because
they are unique to the subsurface system they will be introduced too. The fluorescent dye,
Uranine (Acid Yellow 73, Fluorescein, C20H10Na2O5, CAS # 518-47-8) is desirable as
a subsurface tracer, because (1) the detection limit is very low ~ 5 μg per liter (2) and it
can be quantified with a readily available spectrofluorometer (3) that is non-toxic at low
concentrations, and (4) is relatively inexpensive. The undesirable traits of fluorescent
tracers include it being nonconservative and possibly sorbing to subsurface media (Mon
and Flury 2005)(Leibundgut, Maloszewski and Külls, 2009). The possibility of
degradation is of concern in the septic tank environment. Adsorption onto soil particles
may also limit a tracer’s usefulness in a ground water study. Uranine was chosen in this
case, because it is least likely of the dye choices to sorb to clay.

Running head: EVIDENCE OF DIRECT CONTAMINATION FROM
WASTEWATER

28

Degradation of the dye can be caused by sunlight, chemical reaction or by
biological degradation. Reversible degradation can occur at low pH levels. Uranine was
chosen in this case, because, although it deteriorates rapidly (half-life of 11 hours), light
exposure was limited by using brown glass bottles that were kept stored in the dark until
analyzed. If the samples collected have a pH of 7 or less, then the sample can be buffered,
however, none of the samples had low pH so buffering was not needed.
There are other reasons that Uranine was chosen. It has the highest relative
fluorescent intensity of the fluorescent dyes used as tracers with a detection limit of
0.001mg/m3 (detection limit is much lower with the spectroflourometer). The detection
limitation for fluorescein (uranine) was reported to be 5 x 10-4 ppb by Thomas
Aley from the Ozark Underground Lab in 2001. A detection limit study with the
Varian Cary Spectrofluorometer in UNM tap water was completed. The
detectable limit was found to be 46 parts per trillion in UNM tap water (see
Appendix B: Method Detection Level). The uranine does not become visible until
the concentration reaches ~10 ppb (Goldsheider and Drew, 2007). Uranine is
highly soluble and least likely of the dyes to adsorb to other media.
Uranine is a four/five ring organic chemical that was obtained as a disodium salt. It is
very soluble and is sold as a powder that is rust in color. As the chemical was hydrated it
becomes a strongly fluorescent green-yellow. According to the MSDS sheet supplied by
Pylam Dyes Inc., the supplier of uranine for this study, it is not expected to be toxic.
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Figure 4: Uranine (a) Mon and Flury, 2005 (b&c) Wamsley, this report

Methods
Site Selection and Data Collection
Residents who participated in previous phases of this study and had evidence of
contamination in the well water were selected for dye introduction and sampling. Out of
59 final participants in phase II, 47 of them had a positive microbial test. Four of the
participants from phase II of the study whose well had the highest count of microbial
indicators were the first four to be invited to join this phase of the study. When an
invited participant either declined to join, could not be reached, or no longer lived at the
residence, the study participant with a well that had the next “highest” count was invited.
This procedure was followed until four participants were enrolled. After this step, a
previous participant, who was geographically closest to one of the four participants (see
Figure 5: Location of Positive Dye Retrievals) and whose well test was also positive was
invited to join. This continued until a total of 10 participants were enrolled. Five
enrolled participants were from the North Albuquerque Acres area and five were in the
Corrales/North Albuquerque Valley area. Enrollment was done over the phone using
addresses, names and phone numbers collected from previous phases of the study.
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Former Participants were excluded from participation of this phase of the study if
their well had a chlorination system, as it would degrade the dye.
At the initial meeting, the investigator explained:
-

Any risk involved in use of Uranine dye. This dye has a low level of toxicity
and is not expected to have any negative health consequences at low
concentrations.

-

That the results of the chemical analysis of their wells would be made
available to them by mail or email.

-

How to collect the samples. The investigator collected the first three
samples. The residents were then shown how to collect the remaining
samples.

-

The investigator then confirmed follow-up appointments for the remaining
samples to be collected by the representative.

-

Dye was introduced to the system by flushing it down a toilet. The toilet was
first flushed to prove that it was functioning properly. A sink was run for ten
minutes. The determination of how much dye to use is discussed in
Appendix A: Determination of Dye Amounts to Apply. (~370 g and 180 g
of uranine dye were used in the North Albuquerque Acres and
Corrales/North Albuquerque Valley areas respectively.)

Study participants were instructed to collect tap water samples according to the
following description:
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1) Run kitchen or bathroom tap for ten minutes to clear lines. The tap
should be run at the fastest rate that does not cause backsplash onto the faucet.
If the tap has a filter on it, then a different spigot should be chosen.
2) A sample was collected in a 40-milliliter amber glass bottle that had been prelabeled with date and site identification number. The bottle and lid were filled,
triple rinsed with the tap water and then filled so that there was no air space.
The samples were then placed in their refrigerator. Samples were collected
weekly for four weeks and then once a month until April 2012. If the residents
were gone, the investigator collected a sample from an outside hose bib.

Procedures for the collection of the water samples for chemical analysis:

1) A 1-liter bottle was used for each sample. Each bottle was labeled with the
sample identification number. No participant names were used. The water
was collected from either the kitchen or bathroom faucet (preferable) or an
outside hose bib. The water was allowed to run for 10 minutes at a rate that
flushed the lines, but did not cause splash back onto the faucet. After the
flush time has elapsed, the bottles were filled to top with no air space. The
bottle tops were held right side up while collecting (not laid down, or
turned upside down).
2) Upon filling the bottle, it was tightly sealed with its cap. The bottles were
stored in a cooler with ice from the time it was collected until it was
received at Dr. Mehdi Ali’s laboratory.
Methods of Dye Analyses
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Stock Preparation
A 1 mM stock solution of uranine was prepared by weighing 0.376 g into a weigh
boat. This was then poured into a 1-liter volumetric flask. Dye clinging to the weigh
boat was rinsed into the flask with DI water. The stock solution was preserved in the
refrigerator in a capped Nalgene bottle that was wrapped snuggly in aluminum foil. The
next day, the solution was disposed of and the same procedure repeated into the same
bottle to reduce the amount of dye that would cling to surface of the bottle from affecting
the concentration. Two further dilutions of 1 µM and 10 µM were prepared and stored in
amber glass dropper bottles in the refrigerator.
Dye Detection Scanning
The samples were analyzed using a Varian Cary Eclipse Spectrofluorometer with the
excitation slits set initially at 5 nm and the emission slit at 10 nm. The excitation
wavelength was set at 485.97 and the emission wavelength at 511. Scan speed was slow
and the PMT was manually set for 850 volts. At the beginning of each analysis session
one drop of the 0.025 µM stock solution in DI water was analyzed to ensure that the
instrument was performing properly.
1)

Scan standard 0.025 µM standard solution to ensure the instrument was
functioning properly. The cuvette was filled at least half full. A
disposal polyurethane pipette was used to fill the cuvette.

2)

The cuvette was rinsed with acetone after standard sample was used.
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The cuvette was triple rinsed with DI water and wiped with a chem
wipe in-between each scan.

4)

After each scan that produced any signal at 510-513 nm, another scan was
done on DI water. DI scans were repeated until no dye was detected in
the cuvette.

5)

6)

Samples were kept refrigerated.

Scan reports were saved as spreadsheets in .csv format. The reports
saved all instrument settings, all intensity and wavelength values, and
recorded sample names.

Some wells exhibited background fluorescence or interfering fluorophores. A
detection limit study was completed to determine which fluorescence measurements from
the water samples were positives and which were not. The emission slit width was
decreased to 5 nm and the time was slowed to 1 nm per second. This decreased the
sensitivity of the analysis but increased its specificity. (See Appendix B: Method
Detection Level) After the detection limit study, all of the scans were reviewed and any
scans that emitted a signal above five intensity units at 511.94 nm were rescanned using
the new instrument settings.
Results of Dye Analysis
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Figure 5: Location of Positive Dye Retrievals

PDye Retrieval Site

Dye Sampling Site

Out of the ten wells sampled, two results suggested that dye retrieval had occurred.
After the initial scans were analyzed, thirteen were chosen to be rescanned. Out of these
thirteen scans, three were considered to be positive dye retrievals from two separate
homes. One positive sample was from a North Albuquerque Acres well and two positive
samples from a Corrales area well.
The well in the Albuquerque Acres area had a peak intensity reading that
corresponded with a concentration of 120 parts per trillion at week 5 of sampling. The
intensity at 511.94 nm increased from week four to week five and then decreased from
week eight through the last reading at week seventeen of the study.
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Figure 6: NAA Area Well - Intensity by Week
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A Corrales area home had a peak reading that corresponded with a
concentration of 94 parts per trillion uranine at week 8 of sampling. The samples
increased in intensity with time, showing the highest concentration of uranine at week 8.

Figure 8: Corrales Area Home - Intensity Curve

Discussion of Dye Analysis
It can be inferred that there is hydraulic connectivity between the OWTS and
domestic wells. The data are not definitive, since only three points had measurable dye,
but it does strongly suggest that this connection is occurring. For the Corrales area home,
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the increasing concentrations over the weeks, strongly suggests that dye was
retrieved. For the North Albuquerque Acres home, the one positive trace is preceded by
increasing concentrations of uranine and followed by decreasing concentrations of
uranine. It is noted that the three positive traces for dye retrieval could be due to a factor
outside of the control or knowledge of the investigator.
Concerning the eight wells that did not show detectable levels of dye, it is
possible that the contamination of the wells is not done by their own OWTS, but rather a
neighbor’s OWTS or from another type of plume entirely. It is also possible that an
inadequate mass of dye was used. It was noted that in the valley samples there is
background fluorescence. Half of the mass of dye was used in the Corrales/ North
Albuquerque Valley areas that were used in the areas with longer depth to groundwater.
The same amount of dye should have been used in both places.
There are four possible explanations for the lack of detection of dye in the residential
wells:
1) The well is deep and well constructed so that there is little or no hydraulic
connection with shallow groundwater impacted by the OWTS.
2) There is in fact hydraulic connectivity but the travel times are sufficient long that
the dye had not reached the well before the end of the sampling period.
3) The capture zone of the domestic well (i.e. the cone of depression) does not extend
underneath the recharge zone of the OWTS
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4) The dye rapidly passed through the underlying formation but was not
captured due to infrequent sampling of the well.
In an area where the water table is 450 feet or more below the surface, the water that
is flushed down an OWTS may take 500 years or more to reach ground water (see
Appendix A: Determination of Dye Amounts to Apply). However, a tracer study
performed by Thomson et al. (2000) at a site in North Albuquerque Acres found water
from an OWTS infiltrated through 65 feet of unsaturated soil in the vadose zone in 14
days corresponding to an infiltration velocity of approximately 5 ft/d. At this rate, it
would reach a 500 feet deep water table in 100 days.
A likely ground water contamination scenario is that wastewater from the leach field
infiltrates vertically to a low permeability zone then flows horizontally to the well
borehole. Many domestic wells in NM and elsewhere do not have an adequate annular
seal. The lack of a proper seal is especially prevalent in wells constructed before 1990,
but also occurs in newer wells if adequate inspection is not provided during construction.
A poorly sealed well allows the annular space around the well casing to serve as a
conduit for vertical flow of water directly to the water table, resulting in a very short
travel time.
Pumping can be heavy in some of these areas, particularly in the summer. The septic
tank leachate that is moving laterally may be pulled into a well’s drawdown zone. The
wastewater could then either be directly entering the water supply through an imperfect
casing or it could be sucked down the annular space until it is below the casing and then
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drawn up the well. This mechanism is reasonable in both areas covered in this
study independent of depth of the well.
Figure 9: Possible Mechanism for Septic Leachate to Enter Well Supply

Layer of Lower Conductance
Possible Flow Paths
In

Out

Well
Septic
Tank

900’

Leach Field

Vadose Zone

450’

Saturated Zone

Results of the Chemical Study
According to the results reported by the Earth and Planetary Science Lab, seven out
of the ten wells had reduced iron in the water samples. Two samples had manganese.
Out of the two samples with manganese, one with a level that was almost four times
higher than the EPA secondary standard. The other well had a manganese concentration
twelve times that of the EPA secondary standard.
All ten of the well samples contained nitrate above what would be considered
background nitrate levels for the area. In the anoxic area, the nitrate levels ranged from
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0.44 and 0.94 ppm. In the oxic areas the concentrations of nitrate ranged from
0.631 to 9.932 ppm. All nitrate concentrations are above the expected background
concentration of nitrate for the area of 0.5 ppm, but below the EPA MCL for nitrate of 10
ppm.
Out of the ten wells tested, eight did not have any detectable nitrite. The EPA
MCL for nitrite is 1 ppm. One well level was at the EPA MCL for nitrite (0.988 ppm).
Another well was in excess of the EPA MCL by 28% (1.282 ppm).
Discussion of the Chemical Study
The chemistry results suggest that all of the wells have been affected by OWTS. It is
possible that these chemical contaminants could originate from animal or agricultural
runoff; however, the septic tanks are the most likely source. The septic tanks are most
likely the culprits because they are the most proximal probable source.
The homeowners that had manganese recovered in their samples had complained of
water staining problems. The well sample with four times the EPA secondary standard is
also the well in the Corrales area that had dye retrieval and had a nitrate level that was
just below the EPA MCL for nitrate and was just above the EPA MCL for nitrite. The
well with twelve times the EPA secondary standard is in an area of the North
Albuquerque Valley that is considered to be anoxic (Plummer et al, 2004). This house
had black staining in the toilets suggesting high levels of manganese. The homeowner
also reported problems with the hot water heater further nuisance issues of iron and
manganese.
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It is noted at this time that some of the homeowners did use a water softener on
their well water. This may have affected the amount of iron and manganese recovered
from the samples as well as the increased retrieval of chloride.
Concerning nitrate results, it is thought that if the samples had been drawn during
the summer months, which was the time of the year that the Phase II project had the
highest occurrence of positive microbial tests, that the concentrations of nitrate/nitrite
may have been higher.
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Table 2: IC/ICP data

Depth to
Mn
Groundwater Fe (ppm) (ppm)
Foothills
450 ft
Well 1
0.046
0.000
Well 2
0.051
0.000
Well 3
0.054
0.000
Well 4
0.156
0.000
Well 5
0.050
0.000
Inner Valley <50 ft
Well 6
Well 7
Well 8
Well 9
Well 10

0.062
0.049
ND
ND
ND

0.000
0.181
ND
0.606
ND

# of (+)
tests of
microbes
in Phase
NO2
II
Fl (ppm) Cl (ppm) (ppm)

NO3
Br (ppm) (ppm)

PO4
SO4
(ppm) (ppm)

4
1
1
2
2

1.259 11.292 ND
1.208 10.303 ND
1.186 56.506 ND
1.207 106.502 ND
1.298 16.271 ND

0.907
0.626
0.761
0.829
0.654

0.721 ND
1.742 ND
1.706 ND
0.631 ND
0.618 ND

30.117
25.048
28.670
40.284
49.565

1
2
3
2
4

1.118
1.247
1.242
1.101
1.443

0.621 ND
ND
0.632 9.932 ND
0.678 9.404 ND
0.688 0.444 ND
0.661 0.493 ND

103.524
111.615
141.185
67.542
81.523

32.140 ND
24.359
0.988
30.483
1.282
10.280 ND
11.411 ND
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Section II: Mapping and Analysis of Previous Study Data
Objective
To determine if there are any similarities in soil types between those sites that showed
evidence of hydraulic connectivity in the previous phases of the study.
Previous Studies and Their Outcomes
Phase I
The residents’ antigen responses for Cryptosporidium-specific antibodies were
completed and were examined by source of drinking water. Samples from domestic wells,
blood samples and questionnaires were collected to determine if the residents who drank
well water were at an increased risk for enteric illness or infection from Cryptosporidium
compared to the residents who drank municipally supplied water. The comparison group
for this study were people who lived in a close geographic area, but that were on
municipal water supply and sewer. The exposed group was residents who drank water
from a domestic well. The outcome of interest was an elevated serological response to
Cryptosporidium antigens (Frost and Tollestrup, personal communication, February 15,
2011).
The Phase I study found that the on-site septic system/private well group in the
North Albuquerque Valley/Corrales sites had more intense serological responses to the
27-kDa antigen group than the control participants. The odds ratios from the other sites
were elevated, but not significantly so. There were no differences in the intensity of
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response for the 15/17-kDa antigen between these two groups (Jackson, 2009, and
personal communication with Tollestrup, May 10, 2012).
The findings of the phase I study suggest that users of domestic wells and OWTSs
may have more intense serological response to the 27-kDa Cryptosporidium antigen than
the control group of residents who drink municipally supplied water.
Phase II
The continuation of the study was to determine if there was a change in the
serological responses to Cryptosporidium antigens and the occurrence of groundwater
contamination indicators over time. The hypothesis was that people with strong antigenic
serological responses are more likely to have water samples that have elevated indicators
of contamination. If so, this suggests that the water is the source of exposure.
A prospective cohort study was completed. The cohort included sixty participants
from the exposed group in the phase I study that had a strong serological response, who
remained at the same residence, and were still drinking well water. In this case, the
exposure measured was the microbial contamination of the well. Cohort members
provided blood samples and answers to questionnaires at enrollment and once every three
months for thirteen months. They also provided a well sample at enrollment and once
every two months for the thirteen-month period.
Water samples were collected using USEPA Method 1601 for Coliphage and then
shipped to the University of California, Riverside for analysis. Well samples were tested
for total coliforms, E. coli, Enterococcus, and somatic coliphage by the standard method.
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The water samples were tested for coliphage and other indicators of fecal
contamination. For this project, we used male-specific (F+) coliphage (Sobsey et al.
2004) and two US EPA methods (#1601 and #1602). The water samples were also tested
for total coliforms (Standard Methods: Standard Total Coliform Membrane Filter
Procedure. Sect. 9222.B), fecal coliforms (Standard Methods: Fecal Coliform Membrane
Filter Procedure. Sect. 9222.D), and enterococci (Standard Methods: Fecal Streptococcus
and Enterococcus Groups Membrane Filter Techniques Sect. 9230.C).
After the water analyses were completed, each household was sent a letter stating
whether or not their well sample showed a presence or absence a microbiological
contaminants.. The residents were also sent a letter including information on how to
chlorinate a well and the telephone number for the county environmental health office.
The members of the cohort who had a positive coliform water test had increased
prevalence of having Cryptosporidium antibodies ≥ 75% (OR 3.4, 95% confidence
interval: 1.1-10.8). The risk factor summary variables were most often positive, and no
confounding variables significantly entered into the final model (Jackson, 2009).
Phase III

Mapping Methods
Data from the first two phases were geocoded and mapped using Arc Map and data gleaned from the New
Mexico Resource Geographic Information System Program. County data also came from the United States
department of census, the United States Department of Agriculture, Natural Resources Conservation Service
(NRCS), and the individual county web pages. After the well locations were geocoded and mapped, an excel file
with a simple count of the number of organisms found in that well over time was related to the geocoded
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Selection and Data Collection for more information on this process.) (

Figure 19: Phase II Well Sample Results and Site Selection)
Geocoded and mapped locations of the wells along with summarized microbial and
serological results of the well users were compared to an NRCS map that categorized soil
in that area as being limited or unlimited in its ability to handle s. The NRCS web soil
survey has categorized the geographic locations of interest and then rated them as being
very limited, somewhat limited or unlimited in the layer of soil that is 24 to 60 inches
beneath the surface in its suitability for use as a leach field. The rating is based on soil
properties that affect the absorption of the effluent such as: saturated hydraulic
conductivity, depth to water table, ponding, depth to bedrock or cemented pan, likelihood
of flooding, excessive slope, and if the soil is underlain by unconsolidated sand or
fractured bedrock within four feet.
Large portions of the area of interest to this study happened to be “highly limited”,
meaning that leach fields are not likely to function properly in these areas. Any sample
sites that were in an areas that was unrated was left out of the analysis.

Mapping Preliminary Results
Table 3: Phase I: Comparison of Well Results by Soil Classification

Well Results
by Study Area
NRCS Soil
Classification
Very Limited
Somewhat
Limited
Unlimited

Cedar Crest

Tijeras

Estancia

NAA

(+)

(-)

(+)

(-)

(+)

(-)

(+)

(-)

6
0

11
1

6
-

19
-

24
-

14
-

33
-

80
-

-

-

-

-

-

-

3

14
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Well Results
by Study Area
NRCS Soil
Classification
Very Limited
Somewhat
Limited
Unlimited

Corrales

Valley

N. Edith

Totals

(+)

(-)

(+)

(-)

(+)

(-)

(+)

(-)

2
1

23
8

0
2

5
6

3
1

8
3

74
4

160
18

-

-

1

3

1

2

5

19

In Phase I, out of the wells in the area that has a leach field in soil that is very limited,
31.6% of wells tested positive for any microbial contaminant. In soil that was somewhat
limited, 18.2% of wells tested positive. In soil that was rated as unlimited, 26.3% of
wells tested positive.

Table 4: Phase II: Comparison of Well Results by Soil Classification

Well Results
by Study Area
NRCS Soil
Classification
Very Limited
Somewhat
Limited
Unlimited

NAA

Valley

Totals

(+)

(-)

(+)

(-)

(+)

(-)

8
7

0
1

22
-

7
-

30
7

7
1

4

0

3

1

7

1

In Phase II, out of the wells in the area that has a leach field in soil that is very limited,
82% of wells tested positive for any microbial contaminant. In soil that was somewhat
limited, 87.5% of wells tested positive. In soil that was rated as unlimited, 87.5% of
wells tested positive.
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Mapping Discussion

The phase I microbial contaminant results are not necessarily showing how the
system is functioning. In phase II wells that had not tested positive previously tested
positive repeatedly during the summer months. There is a seasonal component that
seems to correspond with irrigation and river flow timing. This is a time of year when
the well drawdown would also be at its highest for the year, so it would also correlate to
pumping rate. It would be appropriate to repeat the mapping study using the serological
results to account for these “false negative” well results.
Concerning the phase II mapping results. All three types of soil have about the
same percentage of possible results within the different soil ratings. This may be due to
the fact that all wells in this phase were chosen based on the well user having a strong
antigenic response to Cryptosporidium. To have an idea on the effect that the soil rating
has on the contamination of the well it is now determined that the serological data from
phase I may be a better indicator of whether or not the well is contaminated than the well
microbial results.
Conclusions
If a well owner is contaminating his own well, this does not mean that he is only
impacting his own water supply. In most cases, the closest septic tank to a well is that of
the well owner. In these areas of higher density housing and usage of septic tanks and
domestic wells, the wells can be influenced by more than one septic tank.
In the case of the North Albuquerque Area participant homes, most of them were on a
well share. This means that one well supplied water to four or five homes. In the case of
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the North Albuquerque Acres well where dye retrieval occurred, the OWTS was
found to be contaminating the well to the same house, which also happens to be a well
supplying four other homes.
The weight of evidence that onsite wastewater treatment systems have a direct effect
on health is being gathered. In Phase I of this study, the outcome of having elevated
Cryptosporidium antigens was compared in two exposure groups: those drinking well
water and those drinking city water. This study showed that, indeed, people who drink
domestic well water had elevated odds of having evidence of prior Cryptosporidium
infection.
In the past, Cryptosporidium was only expected to be found in groundwater that is
connected to surface water (Hancock et al., 1998). It is now being determined that the
subsurface system does not work in that fashion and does not afford the level of
protection from pathogens that has been widely accepted knowledge for a long time
(USEPA, 1977).
It is argued here that people do not generally discuss or really even give much
thought to their bowel movements. They could have been periodically ill with a
gastrointestinal illness and have never determined the source. There is often a failure to
detect small and sometimes even large outbreaks. This can occur because of fragmented
health care delivery system in the United States or because the illness is often selflimiting. High levels of endemic disease may result in incomplete detection of disease
outbreaks in high-risk populations. Infections may be occurring but many people have
become immune to the pathogen because of chronic exposure. Even once a significant
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number of individuals become sick over a short period of time and an outbreak
investigation is initiated, the investigation may under-estimate the number of people
affected. It is often difficult to correctly estimate the magnitude of the outbreak (Frost,
1996).
The second phase of the study selected people based on their outcome status from the
first study. Even people who had their wells tested in the first phase with no evidence of
contamination detected were joined in this phase. It was then interesting to note that 72%
of these participants who had a high antigenic response to Cryptosporidium also had a
positive microbial sample from their wells. It also showed that the contamination has a
seasonal component. Furthermore, phase III of the study found evidence of a hydraulic
connection between the toilet and the tap. These findings, together with the serological
data suggest that onsite wastewater treatment systems are significant threat to human
health.
If a well user is drawing water through their tap that left a septic tank only 5 to 8
weeks prior, then that well user is at risk for infection from bacteria, viruses, and
protozoa. For water to be free of the bacterial indicators it needs at least 50 days and
even then the water may not be free of nonculturable but viable bacteria and bacterial
spores (Bitton et al., 1983). For water to be free of active viruses it needs to be in the
subsurface environment for many months (Yates et al., 1985a). For the water to be free
of protozoa such as Cryptosporidium, it would need to be held in residence for 12 months
or longer (WHO, 2006).
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In 1977, the USEPA published a report identifying areas that are at risk from
having the drinking water supply affected by septic tanks. This report stated that areas
with 40 septic tanks per square mile or more are the areas with at risk water supplies.
This recommendation was ignored and now the drinking water of a large population of
people (domestic wells users) is potentially impaired. Most of the users with

contaminated water supplies are unaware of the contamination and do not understand the
role they and their neighbors have played in contaminating the groundwater.

They also

do not understand the implications it has for their health.
Further Work and Recommendations
The public and those responsible for the welfare of the public, need to become
aware of the problem. The monitoring of water quality of the many domestic well is
inadequate to protect well user’s health. An education campaign needs to be undertaken
and efforts made to correct the deficiencies. If the residents are educated about how their
decisions affect their neighborhood water quality and the water quality that they may
hope to leave to their offspring some day, they may be willing to change their septic
treatment to protect the underlying aquifer. Most residents encountered in this study
were concerned citizens; they need some clear information framing the character and
magnitude of their problem.

They may also need some individualized help determining

how to deal with the problem.
It is recommended that people who are at elevated risk for health problems either use
a different source for drinking water or install some sort of treatment to their water
supply. This may include an ultra-violet unit to disinfect the water as it comes into the
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home. This would be relatively inexpensive and require little maintenance. Ultra
violet light and not chlorination is recommended, because chlorination provides only
limited protection against Cryptosporidium and the chlorination by-products would need
to be considered in waters that have higher organic content.
Previously, residents who had a well test positive for a microbial constituent were
advised to shock their wells with chlorine. While that is the appropriate method for
dealing with a transient occurrence of contamination, such as after the servicing of a well,
it is not an appropriate method for dealing with continual contamination. While the
pathogens are of most concern, the chemicals found in septic tank effluent can be a
nuisance. Education on how to deal effectively with the nuisance factor would be
appreciated by most residents.
Another dye study with a larger sample size and more frequent sample collections
needs to be completed. It would be interesting and helpful to follow up this study with the
same sort of tracer study in other areas of the nation to prove that this problem is not
limited in scope to the Albuquerque area. It may be beneficial to collect daily samples
during the time of expected dye break-through. Follow-up of the wells that did not
return any further samples is also suggested. It was also noted that most wells tested
positive for a microbial contaminant during the irrigation season. It would be helpful
information to do the dye study and to also test for nitrates/nitrites during the same
season.
Further investigation of the well casings may yield some valuable information for
residents in the area. Also, mapping of the results from previous phases of the study
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compared to depth to groundwater may yield some important information. Using
NRCS mapping data may be a way to screen for areas where health is also at risk due to
onsite wastewater treatment systems.
This study has been completed at the same time that a new Bernalillo county
ordinance is up for vote. The ordinance calls for the inspection of all homes thirty years
old and older that are also on 3/4 of an acre or smaller. Those septic tanks that are found
to be failing will then need to be repaired or replaced with septic tanks that are in
compliance with the 2000 code (Schroeder, 2012). As far as the residents of older homes
are concerned, this could be very costly. This has caused some neighborhoods to
scramble and find out if they can tie into existing sewer lines. The ordinance does not do
enough to protect the aquifer and public health from further impairment, but it is a start.
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Appendix A: Determination of Dye Amounts to Apply
Quantity of Dye to Apply
Site - North Albuquerque Acres
Assumptions:
Leach Field Length = 50 feet
Soil Moisture = 20%
Porosity = .3
Spreading = 10 ft/100ft

Time = Vol / Q
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Mass of dye to attain 50 ppb
Visible Detection Limit 50ppb = .05 ppm
Spectrofluorometer Detection Limit = .001 ppb
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Site: River Valley Sites
Assumptions
Leach Field Length = 50’
Soil Moisture = 20%
Porosity = .3
Depth to ground water = 10’
Screen Length of well = 100’
Plume Length = 200’
Plume Width = 50’

Mass of dye to attain 50 ppb
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Appendix B: Method Detection Level
Objective: to determine the lowest concentration of uranine detectable by the
spectrofluorometer in this study.
Methods (derived from US CFR PART 136):
1) Calibration curve was constructed.
a. Seven aliquots of UNM tap water were scanned and their entire intensity
scans were recorded between 501 nm and 540 nm.
b. Five standard solutions were diluted from the stock solution and the same
procedure as step one was followed. This step was repeated three times
for each standard solution.

Table 5: Dilutions for Detection Limit Study

Beginning Concentration

Amount Diluted in Desired

Desired Concentration

(ppb)

Volume

(ppb)

3.76 x 105

3 ml in 1 L

1.128 x 103

1.128 x 103

1 ml in 1 L

1.128

1.128

50 ml in 100 ml

0.59

1.128

20 ml in 100 ml

0.223

1.128

10 ml in 100 ml

0.113
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1.128

5 ml in 100 ml

0.0564

1.128

2 ml in 100 ml

0.0226
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c. The intensity peak at 511.94 nm in wavelength was recorded and averaged
or each standard solution.

Table 6: Cary Varian Spectrofluorometer Settings

Spectrofluorometer Settings (nm)
Emission Scan

501-504

Excitation Wavelength

486.96

Emission Wavelength

511.94

Excitation Slit Width

5

Emission Slit Width

5

PMT (voltage)

850

Speed

Manual (1 wavelength/per second)

d.

The standard deviation (sample) and 99% confidence interval was
calculated for each standard solution.
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The concentration was graphed versus the averaged intensities for
the five standards and the “blank”. Error bars were added to the trend line.

Figure 10: Concentration Calibration Curve of Uranine in UNM tap water

f. A sample will be considered to have dye retrieval if the signal is 5 times
that of the blank or have an intensity of 4.3 units or more. This intensity
value has the corresponding concentration of 46 ppt.
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Appendix C: Maps
Figure 11: Phase I - Microbial Results from Well Water/Valley
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Figure 12: Phase I Results - Eastern Extant
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Figure 13: Phase I Cedar Crest Area: Comparison of Well Samples and Leach Field Soil
Classification
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Figure 14: Phase I Estancia Area: Comparison of Well Results with Leach Field Soil Classification
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Figure 15: Phase I NAA: Comparison of Well Samples with Leach Field Soil Classification
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Figure 16: Phase I Corrales Area: Comparison of Well Samples with Leach Field Soil Classification
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Figure 17: Phase 1 - Comparison of Well Water Results with Soil Data - Albuquerque Valley
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Figure 18: Phase I North Edith Area: Comparison of Well Samples with Leach Field Soil Classification
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Figure 19: Phase II Well Sample Results and Site Selection
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Figure 20: Phase II Valley Area: Comparison of Well Results with Leach Field Soil Classification
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Figure 21: Phase II NAA: Comparison of Well Samples with Leach Field Soil Classifications

82

